Abstract A prospective, cohort, clinical study was conducted at Dr. D. Y. Patil Hospital, Kolhapur from August 2010 to August 2013. The aim was to evaluate the results of type 1 interlay tympanoplasty with respect to graft uptake, hearing improvement and complications. Total of 100 cases with a mucosal type of chronic suppurative otitis media and a large central perforation (involving more than 50 % of tympanic membrane) were operated for type 1 tympanoplasty where the graft was placed by interlay method (below the fibro-squamous layer and above the mucosal or endothelial layer). Patients were followed up with ear microscopy at each follow up visit and an audiometry at the end of 3rd month. Statistical analysis was done by statcal software using paired t test and two sample t test for proportion. 96 (96 %) cases had a successful graft uptake. The mean pre-operative air-bone gap was 36.42 ± 12.0 dB; whereas the mean post-operative airbone gap was 9.7 ± 6.71 dB. Except for residual perforation in four patients and partial tympanomeatal flap necrosis in two patients no other complications were encountered. Thus, we conclude that, the interlay tympanoplasty is a safe and effective method of graft placement for large central perforation.
Introduction
Chronic suppurative otitis media (CSOM) has a major impact on the social life of a person in the form of hearing disability [1] . The discharge from the ear is also troublesome causing great discomfort to the patient. The mucosal type of CSOM can be treated surgically by tympanoplasty [2] . It is a procedure done to repair the defect in the tympanic membrane after eradicating all the disease in the middle ear cleft with or without reconstruction of ossicular chain [3] . It is classified based on the placement of graft in relation to the remnant tympanic membrane as:
(a) Underlay technique-graft is placed medial to the mucosal layer. (b) Overlay technique-graft is placed lateral to the fibrous layer of tympanic membrane after elevating all squamous epithelium. (c) Interlay technique-graft is placed between the fibrous layer and the endothelial (mucosal) layer of the drum remnant. (Fig. 1) In overlay technique there are chances of anterior canal wall blunting, lateralisation of the graft, formation of epithelial pearls, excessive membrane thickness, and longer duration of healing and increased risk of iatrogenic cholesteatoma [4] [5] [6] . The disadvantages of underlay technique are that the middle ear space is reduced, there are chances of medialisation of the graft [6] , less suitable for large anterior perforations [7] and longer healing time.
In interlay technique the graft is supported medially by the mucosal layer and laterally by the fibro squamous layer thus contributing to the following advantages:
(a) There is no blunting, as the anterior sulcus is skin lined. The present study was undertaken to evaluate the results of type 1 interlay tympanoplasty with respect to dry ear and hearing status. The objectives were to assess the take up rate of graft, to assess the hearing improvement and to study the complications associated with interlay technique.
Materials and Methods
A prospective, cohort, clinical study was carried out at Dr. D. Y. Patil Hospital and Research Institute, Kolhapur.
Patients in the age group of 15-55 years attending the ENT O.P.D. from August 2010 to August 2013 with complaints of ear discharge and deafness were screened by detailed history, clinical examination and otomicroscopy. 100 cases with a large central perforation (involving more than 50 % of the tympanic membrane) and with a pure conductive hearing loss but without ossicular chain pathology undergoing ear surgery for the first time were included in the study.
The detail procedure was explained in a vernacular language and those patients with an inactive mucosal CSOM willing to give a written consent underwent tympanoplasty by interlay technique after investigations including routine haemogram, audiometry and anaesthesia fitness. The cases with an active mucosal CSOM were given a conservative treatment and underwent surgery after the ear became inactive.
All the cases were operated under local anaesthesia and sedation by post aural approach using temporalis fascia as a graft material. After meatotomy, tympanomeatal flap was elevated circumferentially and was superiorly based.
Canalplasty was done in cases with a bony overhang obscuring the view of annulus. Fibro-squamous layer of the remnant TM along with the annulus was elevated leaving behind the mucosal layer. Ossicles were inspected for continuity and the mobility was checked. TF graft was placed in such a fashion that it rested on the mucosal layer and bony canal all around and below the handle of malleus. The TM flap was reposited carefully, gel foam was kept in external auditory canal and the incision was sutured in two layers (Fig. 2) .
Patients were discharged on 2nd post operative day. They received antibiotics for 2 weeks (Amoxycillin with clavulunic acid in first week and Roxithromycin in second week) along with antihistamine Levocetrizine (5 mg once a day). Diclofenec sodium 50 mg was given twice a day for 5 days as an analgesic. Patients were called for follow up weekly up to 1 month and on every 15th day for next 2 months. On 7th post operative day, post aural stitches and endomeatal pack was removed and topical ear drops containing clotrimazole, ofloxacin and beclamethesone were started and continued for next 4 weeks. Patients underwent ear microscopy to assess the graft uptake and complications (if any) at every follow up visit and a pure tone audiometry at the end of 3rd month to evaluate the hearing improvement.
Results were tabulated and statistical analysis was done using statcal software. Paired t test was applied for the statistical analysis of pre-operative and post-operative airbone gap. Comparison in various groups was done by using two sample t test for proportion.
Results and Discussion
The study was carried out on 100 patients at Dr. D. Y. Patil Hospital, Kolhapur in the period from August 2010 to August 2013. The minimum age of a patient in the study was 15 years and the maximum was 55 years with a mean of 31.86 and a standard deviation of 10.53. Maximum numbers of patients were found in the age groups between 15-25 years (34 %) and 26-35 years (36 %). Females comprised 58 % (58 cases) and males comprised 42 % (42 cases) showing a slight female preponderance but it was statistically insignificant (p = 0.25).
Maximum number (64 %) of patients had complaints of both discharge and hearing loss while there was history of only discharge and only hearing loss in 24 and 12 % respectively.
Sengupta et al. [8] in his study found maximum number of patients to have complaints of hearing loss and discharge (57.5 %) followed by complaint of only ear discharge in 25 % cases and only hearing loss in 12.5 %. In our study 20 cases (20 %) had tympanosclerotic patches in the tympanic membrane. Eight cases each had a TS patch in anterio-sup. and postero-sup. quadrant respectively and 4 had in anterio-inf. quadrant. Ossicles were healthy and mobile in all these cases and all the 20 cases had successful graft uptake (100 %).
It was observed that the tympanosclerotic plaques present in the tympanic membrane can be easily excised without damaging the remnant epithelium once the interlay plane is achieved. This is particularly helpful when tympanosclerotic plaques are in the antero-superior quadrant.
Our study had a successful graft uptake in 96 (96 %) cases (Table 1) . 4 cases had a residual perforation in the antero-inferior quadrant and a pulsatile discharge following an episode of upper respiratory tract infection on the third follow up visit. These cases were treated conservatively. The discharge subsided after a week but the perforation did not heal by the end of third month. In various other tympanoplasty related studies either by overlay , underlay or combined technique the graft take up rate was 85.7 % to 100 %, whereas in our study it is 96 % which is significantly good ( Table 2) .
Out of 100 cases, 34 patients (34 %) had pre operative air bone (A-B) gap within 31-40 dB, 32 cases (32 %) had A-B gap above 40 dB, 26 cases (26 %) and 8 cases (8 %) had A-B gap in the range of 21-30 dB and 11-20 dB respectively (Table 3 ; Fig. 3) .
The mean pre-operative air bone gap (ABG) in our study was 36.42 dB with a standard deviation of ±12.01.
In comparison to the below mentioned studies (Tables 4,  5 ), the maximum number of cases in our study were with a preoperative ABG C 30 dB, this was probably because all the cases in this study were with a large central perforation and few cases had tympanosclerotic plaques in remnant TM.
The ABG closure at the end of 3rd month was as follows.
In the 3rd month 76 (76 %) cases had ABG within 10 dB (p = 0.0000), 4 (4 %) cases had ABG in the range of 21-30 dB (p = 0.0027), 2 (2 %) cases had ABG between 31-40 dB (p = 0.0019) and no case (0 %) had ABG [ 40 dB (p = 0.0000) all of which were statistically significant. 18 (18 %) cases had ABG in the range of 11-20 dB which was statistically not significant (p = 0.1403). The four cases with post-op ABG of 21-30 dB and two cases with 31-40 dB were having preop ABG of more than 40 dB and tympanosclerotic plaques in remnant tympanic membrane, so these cases also had a hearing improvement post-operatively, though not satisfactory.
The mean post operative ABG at the end of 3rd month was 9.7 ± 6.71 dB (p = 0.0000) which was statistically highly significant. Fouad et al. [25] . observed a mean post op ABG to be 13.7 ± 4.6 dB (Table 6) .
Lima et al. [11] reported the mean ABG closure to be 10.3 dB. 56 % achieved complete ABG closure, 26 % had ABG from 10-20 dB, 13 % had ABG within 21-30 dB and 5 % had ABG [ 30 dB (Table 7) .
Sergi et al. [12] by underlay technique reported mean post op ABG was 9.9 dB: for 31 patients the ABG was 10 dB (63.2 %), for 16 was from 11 to 20 dB (32.6 %), for 1 from 21 to 30 dB (0.6 %) and for another 1 it was more than 30 dB (0.6 %). The underlay group showed total of 95.9 % to have ABG less than 20 dB. But for overlay technique the mean post op ABG was17.5 dB: for 16 patients, the ABG was 10 dB (29.6 %), for 18 was from 11 to 20 dB (33.3 %), for 11 from 21 to 30 dB (20.3 %) and for 9 was more than 30 dB (16.6 %). Overall total of 62.9 % from overlay group had post op ABG to be \ 20 dB.
Lee et al. [13] reported in their study that postoperative air-bone gap less than 10 dB was in 80.4 % cases, between Umar et al. [9] U ( N = 85) 92.95
Mokhtarinejad et al. [10] Subannular grafting (N = 38) 97
Lima et al. [11] U ( N = 39) 95
Sergi et al. [12] U ( N = 52) 94.2
Lee et al. [13] Loop overlay (N = 42) 98.8
Mehta et al. [14] U ( N = 50) 94
Singh et al. [15] U (with temporalis fascia) (N = 80) 95
Karela et al. [16] U ( N = 211) 91.5 Kartush [7] Over-underlay (N = 100) 100
Mishra et al. [17] U ( N = 100) 97
Mangal singh et al. [18] O ( N = 30) 93.3
Stage et al. [19] U ( N = 39) 97
Glasscock [20] O ( N = 57) 91
Guo et al. [21] I ( N = 53) 96.2
Komune et al. [22] I (N = 69) 94.2
Our study I (N = 100) 96
Indian J Otolaryngol Head Neck Surg (Oct-Dec 2014) 66(4):418-424 421 10 and 20 dB was in 13 %, between 21 and 30 dB was 5.6 %, and more than 30 dB was in 0.9 % cases. Singh et al. [15] showed 11-20 dB ABG closure in 63 % cases, 21-30 dB ABG closure in 24 % cases and more than 30 dB ABG result in 13 % cases.
Yadav et al. [23] reported post operative ABG as B10 dB in 68 % cases, 26 % cases had ABG in the range of 11-20 dB, 6 % cases had ABG in the range of 21-30 dB and 0 % cases had ABG C 30 dB.
The results of our study are similar to studies done by Lee et al., Yadav et al. and underlay group of Sergi et al.
Of the 100 cases, complications took place in 6 (6 %) patients. Out of 6, 4 cases (4 %) had a residual perforation and 2 (2 %) cases developed a partial TM flap necrosis (Tables 3,  8) . Four Cases with a residual perforation were due to Acute suppurative otitis media following an episode of upper respiratory tract infection. 2 cases had a partial flap necrosis in the posterior part of tympanomeatal flap. After 1 week, development of healthy granulation tissue was seen at the site of previous TM flap necrosis and it completely reepithelialised at the end of 1.5 month. Partial flap necrosis was probably a result of large size graft covering major part of the posterior meatal wall thus hampering blood supply to the flap.
The superiorly based flap gives the advantage of wide exposure and allows good anchoring of the graft all around the bony annulus.
If required, canalplasty can be easily performed due to circumferential elevation of the tympanomeatal flap without causing tear in the flap thus further giving a wider exposure and helping in easy placement of the graft. In our study canalplasty was done in 14 cases with bony canal overhang obscuring the visualisation of the annulus.
There are no chances of anterior canal wall blunting by the interlay technique as the fibrous annulus which is elevated during the procedure is meticulously placed back onto the bony annulus all around and secured with small pieces of gelfoam.
There is no medialisation or lateralisation of the graft as the graft is supported medially by the mucosal layer and laterally by the fibro-squamous layer.
As the mucosal layer is below the graft there are no chances of endothelium overgrowing on the graft leading to myringitis. The fibro-squamous layer of the tympanic membrane is elevated completely hence there is no fear of leaving residual epithelium behind leading to the formation of epithelial pearls or an iatrogenic cholesteatoma if it gets buried under the graft. Saha et al. [24] (N = 40) 30.61 ± 10.49
Fouad et al. [25] (N = 32) 37.3 ± 6.3
Our study 36.42 ± 12.01 
Conclusion
Interlay technique of grafting in type 1 tympanoplasty for a large central perforation results in an excellent graft uptake and post operative hearing improvement. The complications associated with tympanoplasty are less with interlay technique.
The superiorly based circumferential TM flap along with canalplasty when required gives the advantage of wide exposure and allows good anchoring of the graft all around the bony annulus especially in large perforations.
Thus, interlay tympanoplasty with a superiorly based TM flap is a safe and effective technique for large central perforations involving more than 50 % of the pars tensa. 
